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2H-NMR analysis of the 6a-hydroxypterocarpan phytoalexin pisatin derived in CuCl2-treated 

pea [Pisum sativum) pods from [6,1 la -2H2]maackiain has demonstrated the retention of all 2H 
labels. This establishes that no pterocarp-6a-ene or pterocarp-6-ene interm ediate is involved, and 
thus confirms a direct 6a-hydroxylation mechanism for the biosynthesis of 6a-hydroxyptero- 
carpans from pterocarpans.

Introduction

(+)-Pisatin (3) is a 6 a-hydroxypterocarpan phy­
toalexin produced by pea (Pisum sativum) tissues on 
fungal infection or abiotic treatm ents [1], F rom  the 
results o f feeding experim ents using radiochem i- 
cally-labelled precursors [2, 3], the biosynthetic p a th ­
way to pisatin has been shown to proceed via the 
pterocarpan (+)-m aackiain  ( 1 ), conversion into (+)- 
6 a-hydroxym aackiain (2 ) and then m ethylation to 
yield pisatin (3). The transform ation o f m aackiain to 
6 a-hydroxym aackiain could be achieved by the fol­
lowing m echanisms (Fig. 1):

(a) direct 6 a-hydroxylation probably involving a 
m ono-oxygenase enzyme,

(b) dehydrogenation /hydra tion  involving a ptero- 
carp-6 a-ene in term ediate (4), or

(c) dehydrogenation /hydration  involving a ptero- 
carp-6 -ene in term ediate (5).

The poor incorporations o f the pterocarp-6 a-enes 
anhydropisatin and dehydrom aackiain  (4) into p i­
satin [2 ] suggest however that m echanism  (b) is un­
likely to operate, and overall, results [3] tend to 
favour m echanism  (a), i.e. d irect hydroxylation. To 
investigate further the nature o f the m echanism , we
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Fig. 1. Probable mechanisms for biosynthesis of (+)-pisatin (3) from (+)-m aackiain (1).
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have synthesised (± )-[ 6 ,l la - 2H 2]m aackiain and ob ­
served its incorporation into pisatin in C uC l2-treated  
pea pods. Analysis o f the labelled pisatin by d eu te­
rium N M R establishes beyond doubt that no ptero- 
carpene interm ediate is involved, and confirm s a 
direct hydroxylation mechanism.

Experimental

Synthesis o f (+ )-[6 J la -2H 2]maackiain

Sodium  borodeuteride (500 mg, 98% 2 H) was 
added in portions over 2  h to a stirred solution 
of 2 \7-dihydroxy-4 ',5/-m ethylenedioxyisoflavone [4] 
(280 mg) in EtOH (Analar, 30 ml) and dry T H F  
(30 ml). The m ixture was stirred overnight a t room 
tem perature, concentrated under vacuum , treated  
with HC1 (10%, 10 ml), then extracted w ith EtOAc 
(3x25 ml). The com bined extracts were w ashed with 
H 20 ,  then evaporated. (± )-[ 6 ,l la - 2 H 2]M aackiain 
was isolated by TLC (M erck TLC-Kiesel gel 
60G F2M, hexane-acetone, 2:1) and recrystallised 
from aqueous M eOH , yield 110 mg.

C om parison o f its *H N M R  spectrum  (250 M Hz, 
(CDs)2CO, TMS) with that o f pH Jm aackiain  [5] 
showed the signal for H -11 a (<5 5.49, d, 7 =  6.7 Hz) to 
be reduced in intensity to approxim ately 4% of nor­
mal, indicating 96% deuteriation  at this position. 
The signal for H -6 eq at <54.28 (m, approx. dd, 
J =  9.6, 3.3 Hz) becam e a less-resolved m ultip le t o f 
intensity 53% of norm al, thus showing 47% d eu ­
teriation. Signals for H -6 ax (<5 3.63, approx. t, 
J — 10.0 Hz) and H-6 a (<5 3.56, m) overlap, and the 
relative proportions o f deuteriation  could thus not 
be assessed accurately. The overall integral was re­
duced to 57% of norm al, thus corresponding to 43% 
deuteriation at H-6 ax assum ing no deu teriation  at 
H-6 a (confirm ed by the 2H N M R  spectrum , see R e­
sults). As expected, therefore, position 11a was a l­
most com pletely deuteriated  (ca. 96%), and the two 6  

hydrogens were equally labelled to an extent o f 
ca. 45% (m axim um  possible 50%). In a second syn­
thesis, the am ount o f labelling was som ew hat lower, 
ca. 84% at position 1 la, and 40% at each 6  hydrogen, 
indicating exchange o f the borodeuteride with sol­
vent hydrogen.

Biosynthesis of pisatin

Pea pods were obtained from plants (cv. K elvedon 
W onder) grown under norm al garden conditions.

Aqueous C uC l, ( 3 x 10~ 3 m ) was injected into m ature 
pods (ca. 300, 1.4 kg), which were then left for 12 h 
in the light under conditions of high hum idity. 
U nabsorbed C uC l2 was removed by syringe, and a 
solution o f (± )-[ 6 ,l la - 2 H ,]m aackiain (215 mg, 2H- 
content ca. 90% at H -l la , 42% at each H -6 ) and (± )- 
[1 la - 14C]m aackiain [2] (1.57 mg, specific activity 
2.15x 10s dpm /m M ), as the sodium  salts in phos­
phate buffer (0.1 m , pH 7.0, 770 ml), was injected. 
This volum e o f feeding solution was equivalent to 
the volum e o f inducing solution used. The pods were 
then left for 36 h in a 12 h dark — 12 h light regim en 
in the sam e hum id conditions. After this tim e, the 
plant tissue was worked up by hom ogenising with 
cold EtOH (21) in a blendor. The m ixture was filter­
ed, and the solids extracted with two further 1 / por­
tions of cold EtOH. Pisatin was isolated and purified 
from the com bined extracts by the same procedure 
as reported previously [2]. The yield o f pisatin after 
TLC purification was 75 mg, total pisatin content 
before purification being 84 mg. Specific activity of 
the product was 4.04x 104 dpm/mM , corresponding 
to a dilution value o f 38.6 (i.e. specific incorporation 
2.6%), and an incorporation o f 0.95%.

Results and Discussion

The deuterium  N M R  spectrum  (38.4 MHz, 
(C H 3 ),C O ) o f the [6,1 la - 2 H 2]m aackiain fed 
(Fig. 2A) confirm ed the data from the proton spec­
trum  and showed three signals at <5 5.47, 4.25 and 
3.62, corresponding to H -l la, H -6 eq and H -6 ax re­
spectively, and the relative intensities were 2 .2 : 1 : 1 , 
in good agreem ent with the proton spectrum . W hen 
this m aterial was fed to pea pods, the labelled 
pisatin produced showed a deuterium  spectrum 
(acetone solution) as in Fig. 2B. This contained two 
signals at <5 5.26 and <54.09, with relative intensities 
o f approxim ately 1:1. The two signals correspond to 
H -l la  and H - 6  respectively, and JH N M R  confirm ed 
that the two H - 6  proton resonances are indeed co­
incident in acetone solution. C om parison o f the peak 
areas with that o f the natural abundance solvent 
peak indicated a deuterium  content for each signal 
o f approxim ately 2 .0 %, in good agreem ent with that 
calculated from the specific incorporation, i.e. 
2 .6x0.90 =  2.3%. In chloroform  solution, the two 
H - 6  protons are clearly resolved [6 ] and the deu­
teriated sam ple then showed in its deuterium  spec­
trum  (Fig. 2C ) the expected three signals at <5 5.27,
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4.19 and 4.04 corresponding to H - l la ,  H -6 s and 
H -6 r  respectively. W ithin the lim its o f experim ental 
error, the relative intensities were essentially iden ti­
cal (2 : 1 : 1 ) to those o f the precursor m aackiain.

Since pisatin produced biosynthetically from  the 
labelled m aackiain contains deuterium  at position 
1 1 a and both 6  positions, and furtherm ore retains 
the sam e relative proportions o f deu terium  label, the 
interm ediacy of p terocarp-6 a-enes or p terocarp- 
6 -enes can definitely be excluded. The involvem ent 
o f either would necessitate loss o f label from  posi­
tions 1 1 a or 6 , and thus the relative enrichm ent 
would change m arkedly. The slight loss o f d eu ­

Fig. 2. 38.4 MHz 2H-NM R spectra: A, (±)-[6,l la -2H2]- 
maackiain (acetone, 100 scans), B, pisatin (acetone, 11 000 
scans), C, pisatin (chloroform, 2500 scans).

terium  from  1 1 a as indicated by the intensity 
m easurem ents is not regarded as real, bu t probably 
reflects the lower levels o f accuracy attainable in 
deuterium  N M R  studies because o f the low sensi­
tivity problem s. Total deu terium  content was very 
sim ilar to that calculated from  14C incorporations, 
and also indicates no overall loss o f deu terium  label. 
Thus, the most likely biosynthetic pathw ay to pisatin 
involves d irect 6 a-hydroxylation o f m aackiain, and 
it is very possible that a m onooxygenase enzyme 
could be involved. This is entirely in keeping with 
the observation that the hydroxylation is found to 
proceed with retention o f configuration at C-6 a [3],
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Sim ilar 6 a-hydroxylation o f pterocarpans is ob ­
served in the sequences em ployed by several m icro­
organisms for the m etabolic detoxification  o f ptero- 
carpan phytoalexins [7], These hydroxylations are a l­
so thought to be catalysed by m ono-oxygenase en­
zymes [8 ], and sim ilarly, where evidence is available 
[9], proceed with retention of configuration.

Feeding experim ents have shown tha t both  (+ )- 
and (—)-isomers o f m aackiain m ay be used by pea 
tissue in the biosynthesis o f pisatin, bu t (—)-m aack- 
iain is transform ed into (—)-pisatin rather than  the 
normal (-l-)-isomer [5]. Since (± )-m aack ia in  was fed 
in this experim ent it is thus likely tha t a p roportion  
o f (-)-p isa tin  was also present in the final m etab ­
olite. This, however, in no way affects the con­
clusions discussed, since the pathw ay to (-) -p isa tin  
appears to parallel that to (-t-)-pisatin [3].

The equivalence or non-equivalence o f N M R  sig­
nals for the 6  protons of 6 a-hydroxypterocarpans has 
been discussed [9] and was regarded as purely ac­
cidental. Clearly, the chem ical shifts o f the 6  protons 
of pisatin are solvent dependent, and this is likely to

hold also for other 6 a-hydroxypterocarpans. It m ay 
be valuable therefore not to restrict N M R  studies of 
suspected 6 a-hydroxypterocarpans to a single solvent 
system.

The production o f pisatin in these studies (ca. 
60 ng /g  fresh wt. pea pods) was m arkedly lower than 
in previous feeding experim ents (ca. 1 6 0 -2 0 0  (ig/g) 
[2, 3, 5]. The cause o f this is not entirely certain, bu t 
reduced levels have been observed in a num ber o f 
sim ilar experim ents where relatively large am ounts 
o f m aackiain have been fed [10]. Some pterocarpan 
phytoalexins, e.g. pisatin, phaseollin and glyceollin 
are known to produce phytotoxic effects [ 1 1 ] and it is 
probable that m aackiain  has sim ilar properties. 
Thus the presence o f relatively large am ounts o f 
m aackiain in these experim ents may have an inh ib i­
tory effect on biosynthetic processes, albeit to related 
phytoalexins.

Acknowledgement
We thank the Science and Engineering Research 

Council for financial support.

[1] I. A. M. Cruickshank and D. R. Perrin, Aust. J. Biol. 
Sei. 16,111 (1963).

[2] S. W. Banks and P. M. Dewick, Phytochemistry 21, 
2235 (1982).

[3] S. W. Banks and P. M. Dewick, Phytochemistry, sub­
mitted for publication.

[4] P. M. Dewick and D. Ward, Phytochemistry 17, 1751 
(1978).

[5] S. W. Banks and P. M. Dewick, Phytochemistry 21, 
1605 (1982).

[6] S. W. Banks, M. J. Steele, D. Ward, and P. M. Dewick, 
J. Chem. Soc. Chem. Comm. 1 9 8 2 ,157.

[7] P. M. Dewick, in The Flavonoids: Advances in Re­
search (J. B. Harborne and T. J. Mabry, eds.), p. 535, 
Chapman and Hall, London and New York 1982.

[8] T. P. Denny and H. D. VanEtten, Phytochemistry 21, 
1023 (1982).

[9] J. L. Ingham and K. R. Markham, Phytochemistry 19, 
1203 (1980).

[10] S. W. Banks and P. M. Dewick, unpublished ob­
servations.

[11] D. A. Smith, in Phytoalexins (J. A. Bailey and J. W. 
Mansfield, eds.) Blackie, Glasgow and London, p. 218 
(1982).


